Stone leek leafminer Liriomyza Chinensis is an exotic pest that currently has become a major pest in onion plantings in the island of Bali. This study was conducted to determine the behavior of flight, population development and to analyze the level of attack of stone leek leafminer against five varieties of onion (Bima Brebes, Bauji, Tajuk, Probo and Bali Karet). The results showed that adult L. Chinensis has begun to invade the plant since the appearance of leaves of onion plants to the soil surface. The peak of the invasion occurs when the plant is 3 weeks after planting (WAP). While the most adult flight activity occurs at 08.00-11.00. The development of the adult population has begun to appear since 1 week and peaked at 3 WAP, then decreased to 5 WAP and rose again at 6 WAP then decreased to 8 weeks while the larval population began to monitor 3 WAP and peaked at 5 WAP and then decreased steadily to 8 WAP. The average percentage of stone leek leafminer attack against Bima Brebes varieties (12.91%), Bauji (9.68%), Tajuk (10.09%), Probo (9.96%) and Bali Karet (13.56%). Likewise, the average intensity of stone leek leafminer attack against Bima Brebes varieties (19.79%), Bauji (15.55%), Tajuk (16.80%), Probo (17.10%) and Bali Karet (20.20%). This shows that the five varieties of onion tested were susceptible to stone leek leafminer, but Bauji varieties tended to be more resistant to it.
Introduction
Onion (Allium cepa L.) is a leading commodity that has prospects to be developed. The prospect of onion development is very good in terms of increasing demand in line with the increasing population and the need for onion. Onion production at farm level is still low and fluctuates between 1 and 5 tons/ha (Anwar & Iriani, 2003) . One of the factors causing low productivity of onion in Indonesia is the presence of stone leek leafminer Liriomyza chinensis (Sahabuddin et al., 2012) . The pest is a cosmopolitan insect, and in recent years L.chinensis has become an important pest in Allium spp. in several Southeast Asian countries (Tran & Takagi, 2007) , including Indonesia (Rauf et al., 2000) . Stone leek leafminer L.chinensis includes monophasic pests that were first found to attack onion in early August 2000 in Indonesia in Klampok village, Brebes district (Central Java) (Rauf & Shepard, 2001 ).
The initial symptoms of onion leaves affected by L.chinensis are a white spot caused by a female adult ovipositor puncture when laying its egg. The newly hatched larva goes directly into the leaf cavity and then slices the leaves from within. The direction of the larvae usually starts from the top down to the tubers, and it distinguishes it from other leafminers (Soetiarso, 2007) . The larvae can decrease the capacity of plant photosynthesis due to the breakdown of palisade leaf tissue when the larvae make the burrows, even in severe attacks resulting in early leaf decay (Trumble et al., 1985; Supartha, 1998; Baliadi, 2009 ).
So far the effort of stone leek leafminer pest control by farmers in some areas is generally made by the application of some kind of synthetic insecticides, whose application can reach 2-3 times per week (Baliadi, 2009 ). Based on the experience of farmers, insecticides used to date have not been able to suppress the pest attacks optimally. The reason for the difficulty of controlling the pest is because the pest size is relatively small so it is difficult to be observed and its existence is only known after the population increases. In addition, the preterm phase of the pest is located within the plant leaf tissue, thus it was protected from contact insecticides (Salvo & Valladares, 2007) , Sibomana, E. (2018) . In relation to these problems, another effort is needed to control the pest by tracking the pest bio-ecological information by conducting a series of studies that include: flight behavior and activities, population development and stone leek leafminer L. chinensis attack against several varieties of onion grown by farmers in Bali.
Research Method
The research was conducted on farmer's land in Bangli village, Tabanan regency, Bali with height 1174 m above sea level, average temperature between 18 o C and 25 o C, ordinate 8 o 18'29 "EL and 115 o 9'42" SL. The study time was conducted from July through October 2017.
Observations of the flight activity of the adult include the flight time in the field, through the installation of adhesive yellow card traps (AYCT) once every eight times i.e. 1, 2, 3, 4, 5, 6, 7 and 8 weeks after planting (WAP). AYCT installed with a height of 15 cm from the surface of onion plants (Supartha, 1998) , Palma, et. al. (2018) . AYCT is made from a yellow plastic binder measuring 10 x 18 cm 2 (Chandler, 1985 To know the effect of onion varieties treatment on several variables measured, the data were analyzed using ANOVA. The most significant treatment was tested by Duncan at 5% (Steel & Torrie, 1995).
Results and Analysis

Flight Activities Adult L.chinensis
The observation of the adult L.chinensis flight activity was done by calculating the number of adults trapped in AYCT (Figure 1 ) between the times at the research site. The number of trapped adults is presented in Table  2 . ). This situation indicates that the AYCT catches in the field were strongly influenced by time. This is in accordance with the nature of Liriomyza which is classified as diurnal insects (active during the day) for feeding and mating. This is also supported by Weintraub & Horowitz (1996) 
Development of L.chinensis population on onion plant in research location
Observation of population development of adult L.chinensis through the catch of 15 AYCT traps which was fixed every week is presented in Figure 2 . The result of observation indicates that that adult L.chinensis has started to invade since the appearance of leaves of onion plant on the surface of soil, where the number of adult L.chinensis caught at the plant age of 1 week after planting using 15 AYCT of 37 flies (with average catch of 1 AYCT equals to 2.47 flies) and reached its peak at 3rd WAP, that is 632 flies (with average catch of 1 AYCT equals to 42.13 flies). The adult L.chinensis source is thought to be derived from leek plants that were planted around the research site.
The population of larvae in the study sites was monitored from 3 WAP. Observation of 50 onion leaves was made in 3 WAP, and the number of larvae found was 16. The number of larvae reached its peak at 5 WAP which is 41 flies (Figure 2 ) while at the time of onion plants aged 6 to 8 WAP, the number of larvae continued to decline, this is because the change of larva stadia into pupa, and adult L.chinensis in the study sites had begun to migrate to other locations.
The linkage between adult arrival and plant life is presumably due to the quantity and quality of food available to adult L.chinensis. This is supported by Rauf (1995) statement that the success of colonization is strongly influenced by the quantity and quality of feed available to support the reproductive potential of the insects. The peak of the adult L.chinensis population trapped by AYCT in the 3rd post-planting cycle was due to pest migration from leek leaves planted around the research site, with a relatively high population at the source of the invasion while the high population of adult L.chinensis trapped AYCT at 6 WAP, was the result of the colonization of these insects. 
Percentage of L.chinensis Attack on Five Varieties of Onion
Initial symptoms of onion are attacked by L.chinensis, in the form of white spots due to pragmatic ovipositor puncture of the female when laying eggs (Figure 3 section A) . Damage to onion crops can be caused by egg laying activities and eat adult L.chinensis and larvae. The form of bored leaves by instar larvae are very difficult to see with the naked eye unless they have dried up. The width and length of the bored leaves will expand as the age of the larva increases. The larval zigzagged bored leaves may appear from the top or bottom of the leaf surface, characterized by the presence of translucent parts (Supartha & Sasromarsono, 2000) (Figure 3 section B) . The larval bored leaves will cause injury to the leaf tissue, and finally, the leaves fall prematurely (Supartha, 1998 In severe attacks, almost all of the leaf strands are filled with larval bored leaves, so the leaves become dry and brownish-white as if it was burnt. According to Soetiarso (2007) , in addition to attacking the leaves, stone leek leafminer larvae on onion plants can enter up to the tubers and cause the onion tuber to rot, and this is what distinguishes it with other types of leafminers. The larval bored leaves can decrease the capacity of plant photosynthesis due to the breakdown of palisade leaf tissue when the larvae make the burrows, even in severe attacks resulting in early leaf decay (Trumble et al., 1985; Supartha, 1998; Baliadi, 2009 ).
The results of observation at the research location ranging from 1 WAP to 8 WAP observations, the percentage of stone leek leafminer attack on the five varieties of onion is presented in Table 3 . The average percentage of attacks in 1 WAP was still low (0.16%) and began to increase in plants aged 2 WAP (1.25%), 3 WAP (4.64%) to 27.84% in 8 WAP onion plants. In general, the percentage of stone leek leafminer attack on Bali Karet varieties was higher and significantly different when the plant was 8 WAP, compared with Bauji and Probo varieties. While the percentage of attacks on the varieties of Bima Brebes and Tajuk did not differ significantly with the varieties of Bali Karet (Table 3) . Increased percentage of stone leek leafminer attack on each observation (Figure 4) shows the five varieties were quite susceptible to stone leek leafminer attack.
The results of this study also showed the average percentage of stone leek leafminer attack on Bima Brebes (12.91%), Bauji (9.68%), Tajuk (10.09%), Probo (9.96%) and Bali Karet (13.56%). The attack of stone leek leafminer has been seen in the 1 onion crop of WAP, it shows that the adult L.chinensis invasion has occurred since the plant appeared in the soil surface. The high number of stone leek leafminer up to the end of the observation indicates the high population of stone leek leafminer at the research site, so the stone leek leafminer still attacks the plant although the nutritional quality of the plant has decreased especially after the plant entering the tuber formation period. The numbers followed by the same letter in the same column show no significant difference based on Duncan test of 5% level. 
Intensity of L.chinensis attack on five varieties of onion
The intensity of the attack is calculated based on the damage symptoms, either by the female adult ovipositor puncture or by the larval bored of L.chinensis. The results showed that the intensity of the attacks increased every week. The highest intensity of attack occurred in Bali Karet varieties, followed by Bima Brebes, Probo, Tajuk, and the lowest on Bauji (Table 4 and Figure 5 ). The low intensity of the attack on the Bauji variety is likely due to the compensatory nature of the plant. This suggests that the Bauji variety has a better adaptability when compared to other varieties. One of the underlying properties of plant compensation is the biophysical nature of the plant (Smith, 1989 The existence of different resistance of onion varieties tested in this study is thought to be related to differences in physical factors such as leaf thickness. The results also showed the difference in leaf thickness of the five varieties of onion tested. In the vegetative phase the average thickness of Bauji leaf varieties was not significantly different from the Tajuk varieties, but significantly different from the varieties of Bima Brebes, Probo and Bali Karet while in the generative phase, the average thickness of Bauji varieties of onion was significantly different from the varieties of Bima Brebes, Tajuk, Probo, and Bali Karet (Table 5 ). It shows that the thickness of plant tissue would affect the insects in the selection process and the determination of the host in egg-laying activities, shelter, and feeding. The high leaf thickness of Bauji varieties is suspected to be disliked by the stone leek leafminer to lay its eggs and also make it more difficult for their eating activities. This is supported by the research of Wei et al. (2000) suggesting that leaf physical structures such as thickness, the thickness of the epidermis and palisade tissue density have a more important role than the density and length of trichomes in inhibiting feeding, female adult oviposition and the development of the Liriomyza larvae. 
